Objective: Evaluation of a 2-day food record (FR) for the assessment of iron, calcium and vitamin C intake. Design: In a subsample of a large-scale epidemiological study, iron, calcium and vitamin C intake were estimated using a 2-day FR and compared to the nutrient intakes assessed by an 11-day FR (reference method). Setting: City of Ghent, Dutch speaking part of Belgium. Subjects: A number of 51 non-pregnant women (18-39 years). Results: Mean iron, calcium and vitamin C intakes were not significantly different between the reference method and 2-day FR. Correlation coefficients of 0.63 (iron) and 0.76 (calcium, vitamin C) were reached. The iron intake of 95% of the individuals assessed by the 2-day FR varied between 5 mg above or below the reference intake. Over 50% of the women were correctly classified and 4% or fewer were extremely misclassified by the 2-day FR. Mean 11-day FR intakes increased progressively over the tertiles defined by the 2-day FR. The 11-day energy intake was under-reported by 28% of the women; no over-reporters were identified.
Introduction
Deficiencies for several micronutrients in women are to a large extent present worldwide. Micronutrients in women are not only important for their own health, but also for the health of their future children (Bartley et al., 2005) . Iron is one of these micronutrients commonly recognized as a nutritional concern in both the developed and the developing world (Bartley et al., 2005) . Women at reproductive age have a higher risk of iron deficiency due to menstrual blood losses, use of contraceptives (intra-uterine devices) or pregnancy. Iron intake in this stage of life is often too low to meet the higher requirements (Scholl, 2005) .
In Flanders, the Dutch speaking part of Belgium, an epidemiological study has been carried out to investigate the iron intake and iron status in young adult women. The rationale for this research was the low iron intake found in Flemish adolescent girls (Pynaert et al., 2005) . The study in adult women was aimed at exploring to what extent this low iron intake persists later in life and whether a low iron intake is also reflected in a low iron status.
In epidemiological studies, different dietary assessment methods can be used to measure nutrient intake. Each of these methods has its own strengths and weaknesses (Willet, 1998) . For measuring iron intake in the above-mentioned epidemiological study in Flanders, a computerized iron intake assessment tool has been developed and validated (Matthys et al., 2004) . In addition to this newly developed instrument, a 2-day food record (FR) has also been administered to measure food and nutrient intake. The purpose of this paper is to evaluate this 2-day FR for the assessment of iron, calcium (an inhibitor of iron absorption; Heath and Fairweather-Tait, 2002 ) and vitamin C (an enhancer of iron absorption; Heath and Fairweather-Tait, 2002 ) intake in young adult women (18-39 years).
Materials and methods

Study population
In 2002, the Department of Public Health of the Ghent University carried out an epidemiological study on the iron intake and iron status of young adult women (18-39 years) in the city of Ghent (approximately 226 000 habitants of which 116 000 were women in 2002). A total number of 4000 women were randomly selected from the population register of Ghent. The selected women were invited to participate in the study by postal mail and were asked to reply by use of an enclosed postcard. A number of 424 invitation letters were declared undeliverable by postal services and 2634 subjects were not prepared to participate. Women who were pregnant, who had moved to another city, who did not speak the Dutch language, who were unable to come to the research centre or who were unable to volunteer within the envisaged period of the fieldwork, were excluded from the study (n ¼ 96). In the end, 846 of the 3480 eligible women (24%) were included in the study.
Study design
The data for the study were collected partly at the research centre and partly at home. At the research centre, participants completed a computerized iron intake assessment tool, height and weight were taken under standardized conditions and information was given about how to complete a 2-day estimated FR. These sessions were guided and supervised by experienced dietitians. At home, a fasting blood sample was taken by a nurse and the participants needed to complete the 2-day FR, a food knowledge questionnaire and a general questionnaire including questions about socio-demographic status, education, occupation, smoking habits and the short form of the International Physical Activity Questionnaire (IPAQ) (IPAQ, 2002) .
Of the 846 women who were included in the study, 641 completed the 2-day FR. To evaluate this 2-day FR, the women were invited to volunteer in the present study completing an extra 9-day FR. A total of 67 non-pregnant women accepted to take part in the study. However, 16 women were excluded because they did not complete the extra 9-day FR or because of poor quality of the diaries. Thus 51 women were included in the present study, which covers the period February 2002-October 2002. In this study the first two recording days are compared to the total amount of 11 recording days for the assessment of iron, calcium and vitamin C.
Food record
The volunteers of the study completed first a 2-day FR and than an extra 9-day FR. The first 2 days were consecutive days and women were instructed to start with the completion the day after they had visited the research centre. The additional 9 days were split into three times three consecutive days separated 1 week from each other. The first block of 3 days started 1 week after the completion of the first 2 days. Hence the schedule was as follows: two recording days, 7 days interval, three recording days, 7 days interval, three recording days, 7 days interval, three recording days. This discontinuous schedule was chosen to minimize recording fatigue. Each diary consisted of six eating occasions: breakfast, morning snack, lunch, afternoon snack, dinner and evening snack. In each diary, a detailed description of the foods eaten was given, where possible a brand name was given and the amounts were estimated using natural measures (e.g. pieces, slices,y) and household measures (e.g. coffee spoon, cup,y). These estimations were then converted into weights by experienced dietitians on the basis of a standardized protocol, including a manual on household weights and measures (Hoge Gezondheidsraad, 1997) . Nutrient intake was calculated using a nutritional software package developed by Unilever (1992) and was based on data of different food composition databases: the Dutch food composition tables (NEVO, 1996 (NEVO, , 2001 , the Belgian food composition tables (NUBEL, 1995 (NUBEL, , 1999 and the McCance and Widdowson food composition table (Holland et al., 1991) . When calculating nutrient intakes, changes in nutrient content of the foods due to preparation was taken into account.
Statistical analysis
Statistical analysis was carried out with SPSS software, version 12 (SPSS, 2004) and a P-value of 0.05 was taken as the threshold for statistical significance.
To evaluate the 2-day FR, the average of 11 recording days was used as the reference method. Parametric tests were chosen because of normal intake distributions (normality was tested by Kolmogorov-Smirnov tests). The mean intakes were compared by means of the paired samples t-test and Pearson's correlation coefficient was used to investigate the correlation between the intakes. As a measure of agreement, the Bland and Altman plot was used (Bland and Altman, 1986) . To evaluate whether the 2-day FR classifies individuals correctly, individuals were divided in tertiles for the intake of iron, calcium and vitamin C for both the 2-day FR and the reference method. The proportion of individuals classified in Evaluation of a 2-day food record I Pynaert et al the same tertiles is reported as an agreement and the proportion of individuals classified in extreme tertiles is reported as a severe misclassification. By using the weighted k-statistic an idea was given of the level of agreement between two methods. Very good agreement is indicated by a value over 0.80, a value between 0.61 and 0.80 indicates good agreement, 0.41-0.60 means moderate agreement, 0.21-0.40 is fair agreement and o0.20 indicates poor agreement (Altman, 1991) . A final test to compare the 2-day FR to the 11-day FR was actual values for surrogate categories, as described by Willet (1998) . Individuals were divided in tertiles on the basis of their nutrient intakes estimated by the 2-day FR and mean nutrient intakes of the 11-day FR were calculated in each tertile. These mean intakes were compared by using an independent samples t-test.
In addition, the proportion of misreporters for energy intake estimated on the basis of the 11-day FR was determined based on the Goldberg equation as described in Black (2000) to evaluate the reference method. In this equation, an individual value for the physical activity level based on the IPAQ questionnaire (IPAQ, 2002) and an individual value for the within-subject coefficient of variation in energy intake was used. This resulted in individual cutoff values for under-and over-reporting. To determine the basic metabolic rate (BMR), the equation of James and Schofield (1990) was used.
The study was approved by the Ethical Committee of the Faculty of Medicine and Health Sciences of the Ghent University.
Results
The mean (s.d.) age of the individuals of the study was 30.0 (6.15) years and mean (s.d.) body mass index (BMI) was 24.3 (4.29) kg/m 2 . The proportion of women in different categories of education, occupation, smoking habit and physical activity were as follows: education (n ¼ 51): primary school 7.8%, secondary school 31.4% and higher education 60.8%; occupation (n ¼ 50): high class 34.0%, middle class 32.0%, low class 6.0% and unemployed (inclusive students) 28.0%; smoking habit (n ¼ 51): regularly (X7 cigarettes/week) 11.8%, occasionally (o7 cigarettes/week) 5.9% and nonsmoker 82.4%; physical activity (n ¼ 50): inactive 24.0%, minimally active 38.0% and health enhancing physical active 38.0%.
The mean energy intake and mean energy contributions of the different macronutrients assessed by the 11-day FR and 2-day FR were: 1888 vs 1960 kcal/day, 16.4 vs 16.7 En% proteins, 47.7 vs 47.7 En% carbohydrates and 35.9 vs 35.6 En% fats. Table 1 shows the mean and mean difference of iron, calcium and vitamin C intake assessed by the 11-and 2-day FR. The mean intakes assessed by the 2-day FR were approximately 11 mg/day for iron, 953 mg/day for calcium and 117 mg/day for vitamin C. These intakes were not significantly different from the intakes assessed by the reference method. The difference between the reference method and the 2-day FR is graphically shown by a Bland and Altman plot for iron (Figure 1 ). When iron intake was assessed by the 2-day FR, 95% of the individual iron intakes varied between 4.92 mg above and 5.32 mg below the reference method value. Pearson's correlation coefficients ranged from 0.63 for iron to 0.76 for calcium and vitamin C.
The proportion of individuals classified in the same and extreme tertiles by the reference method and the 2-day FR are shown in Table 2 as well as the weighted k-coefficient. For the 2-day FR, more than 50% was correctly classified and 4% or less was extremely misclassified for iron, calcium and vitamin C. According to the weighted k-coefficient a moderate agreement was achieved for the three nutrients.
The actual values for surrogate categories comparing the 2-day FR tertiles with the reference method tertiles is presented in Table 3 . The mean 11-day FR intake showed a progressive increase over the tertiles defined by the 2-day FR. Except for the mean vitamin C intake in the first tertile vs the second tertile, the mean intakes in the different tertiles were significantly different from each other.
To evaluate the reference method, the proportion of misreporters in energy intake was determined. The energy intake was under-reported by 28% of the women (n ¼ 50, one missing value); no over-reporters were identified.
When excluding the individuals who were misreporter in one FR collection and not in the other from the analyses (n ¼ 8), overall, the same results were obtained as presented with the total case analyses. No significant differences were seen between the mean intakes recorded by the 11-and 2-day FR. Pearson's correlation coefficients varied between 0.63 for iron to 0.79 for vitamin C. Cross-classification gave a proportion of 57% classified in the same tertiles for iron to Evaluation of a 2-day food record I Pynaert et al 62% for calcium and vitamin C and a proportion of 5% extremely misclassified for iron to 0% for calcium and vitamin C. Weighted k-statistic resulted in values all above 0.4 (0.46 for iron and 0.57 for calcium and vitamin C). Mean 11-day FR intakes increased progressively over the tertiles defined by the 2-day FR.
Discussion
The purpose of this paper was to evaluate a 2-day FR for the assessment of iron, calcium and vitamin C intake. The difficulty in evaluating a dietary assessment method is related to the absence of a real gold standard, since all methods of dietary assessment include errors (Riboli et al., 1997) . In the present study, it was decided to use an estimated 11-day FR as reference method. The number of days chosen was based on the formula of Beaton et al. (1979) and corresponds with the number of days necessary to estimate iron intake within 20% of the true mean intake for 95% of the time. Different statistical methods were used to evaluate the 2-day FR to the reference method: comparison of mean intakes, correlation analysis, Bland and Altman analysis, cross-classification, weighted k-statistic and actual values for surrogate categories.
The 2-day FR was able to assess the mean intake of iron, calcium and vitamin C. However, it has the tendency to slightly overestimate the mean intake. This is unlikely to be owing to an over-reporting, as only one over-reporter for energy intake assessed by the 2-day FR was found (data not shown). It is also possible that the reference method underestimates the 'true' intake. It has been suggested that the motivation of the participants to record food intake decreases after the first few days (Gibson, 1987) . However, Evaluation of a 2-day food record I Pynaert et al the authors tried to minimize recording fatigue, by choosing a discontinuous recording schedule. The results showed that 28% of the women under-reported their energy intake in the 11-day FR, but also in the 2-day FR an under-reporting in 30% of the women was seen (data not shown). Thus misreporting is not likely to be the cause of the 2-day FR having the tendency to slightly overestimate the mean intake of iron, calcium and vitamin C as far as these micronutrients are well correlated with energy intake.
To the authors' knowledge, no information is available in the literature about the cutoff value for a good relation between two sets of estimated FR (here 2-day FR vs 11-day FR). Therefore, the results of the present study are compared to cutoff values for the association between a food frequency questionnaire (FFQ) and FR (reference method). According to Brunner et al. (2001) , correlations about 0.5 are good evidence that the FFQ has the ability to rank individuals and Willet (1998) suggests correlation coefficients of 0.6-0.7. In the present study, correlation coefficients of 0.6 are reached, which may reflect the ability of the 2-day FR to rank individuals along the distribution of intakes.
As shown in the Bland and Altman plot, the iron intake assessed by the 2-day FR can be 5 mg above or below the iron intake assessed by the reference method in 95% of the individuals. According to this result, it can be concluded that the 2-day FR shows no good agreement with the reference method on individual level, thus is not able to adequately obtain absolute nutrient intakes. However, in epidemiological research, it is more interestingly to separate individuals with high versus low nutrient intakes to investigate the relative risk of disease in relation to nutrient intake than to assess intakes on individual level (Sempos, 1992) .
The cross-classification is presented in combination with the weighted k-statistic as suggested by Masson et al. (2003) to investigate the level of agreement between the reference method and the 2-day FR. The weighted k-statistic can be valuable in that it results in one single value for the agreement between two methods, but for a same k, different results can be obtained by the cross-classification as seen in the present study for calcium and vitamin C. Therefore a combination of the two methods is more meaningful than the k-value alone. The proportion of women correctly classified was higher than 50% and extremely misclassified lower than 5% for iron, calcium and vitamin C intake and weighted k-values were all above 0.4. Taking into account the cutoff values as suggested by Masson et al. (2003) (more than 50% correctly classified, less than 10% crossly misclassified into thirds and weighted k-values above 0.4) it can be concluded that the 2-day FR is able to differentiate between broad categories of iron, calcium and vitamin C intake. Nevertheless, a remark on the cross-classification has to be made. Using cross-classification analysis, individuals with widely differing intakes can be put in the same category, whereas individuals with similar intakes into different categories when they are close to the cutoff value. This can result in less good agreement between two methods, and can have an important impact on the percentages especially in studies with small sample sizes (Masson et al., 2003) .
The method of actual values of surrogate categories confirms the ability of the 2-day FR to rank individuals in broad categories of intake, since a progressive increase is seen over the tertiles for iron, calcium and vitamin C intake.
To investigate whether there is a selection bias, the individuals of the present study were compared to the individuals of the broader epidemiological study for age and BMI and for different categories of education, occupation, smoking habit and physical activity. Because no significant differences were found for any of the parameters tested, a selection bias seems not likely. However, the possibility that the individuals of the present study were more interested in and aware of their diet cannot totally be ruled out, since the burden to fill in an 11-day FR is much higher than to fill in a 2-day FR and the participation to the study was voluntarily.
On the basis of the 11-day FR, 28% of the women underreported their energy intake. A comparison with other studies is difficult to make, because of different study populations, methodologies and cutoff values used. Livingstone and Black (2003) give a summary of 25 adult studies in which the majority used a single Goldberg cutoff for the ratio of the energy intake and the BMR to define low-energy reporters (LER). For example in Finland (Monica study), 34% of the females (25-64 years) in 1982 and 47% of the females in 1992 were identified as LER based on a 3-day estimated record with a Goldberg cutoff value of 1.28 (Livingstone and Evaluation of a 2-day food record I Pynaert et al Black, 2003) . In the present study, the authors tried to make a better estimation of the proportion of under-reporters by using subject-specific physical activity levels (PALs) and within-person coefficients of variation for the energy intake, what resulted in individual cutoff values instead of a single cutoff value. However, it cannot be denied that the Goldberg cutoff values have their limitations. The range of the upper and lower 95% confidence limits is wide and only extreme degrees of misreporting can be identified (Black, 2000) . For that reason, the authors decided not to exclude the underreporters for the analyses in the present study. In addition, as discussed above, in comparison of the 28% of the women under-reporting their energy intake assessed by the 11-day FR, a proportion of 30% of the women under-reported their energy intake based on the 2-day FR. Those under-reporters were mostly the same individuals for the 11-day FR and the 2-day FR. When excluding the individuals who were underreporter in the 2-day FR and not in the 11-day FR or vice versa (n ¼ 8), overall the same results were obtained as compared to the results with the total population. Thus the authors do not think that under-reporting confounds the agreement between the 2-day FR and the reference method. However, one has to be aware of the problem of underreporting, since under-reporting may give a bias in estimating nutrient intake. In studies comparing the micronutrient intakes between LER and acceptable energy reporters, it is shown that absolute intakes of micronutrients were significantly lower for the LER (Livingstone and Black, 2003) . This has implications for estimating the proportion of the population with deficient nutrient intakes. A comparison of the results of the present study to the results of a relative validation study of the computerized iron intake assessment tool (a computerized FFQ designed to estimate iron, calcium and vitamin C intake) in the same study population and with the same reference method (Matthys et al., 2004) , allows to conclude that a better association and agreement is observed with the record method. This is, however, not surprising, since the 2-day FR is part of the 11-day FR, so they are not independent from each other. A comparison with other studies in literature is difficult to make, since to the authors' knowledge, no studies exist in which two sets of FRs are compared to assess nutrient intake. Many studies can be found in which the relative validity of a FFQ is tested against a reference method. For example, Pearson's correlation coefficient for iron intake (FFQ vs 4-day weighed diet record) in women was 0.64 in the study of Masson et al. (2003) and 0.43 in the study of Johansson et al. (2002) (FFQ vs ten 24-h recalls). In female adolescents, a Pearson's correlation coefficient between a FFQ and three 24-h recalls (reference method) for iron intake of 0.30 was found in Slater et al. (2003) . Such relative validation studies are different in their approach as compared to the present study. However, the authors believe that evaluation of a record method of limited duration (against a method considered to be much more accurate, that is a prolonged record method) is equally important for the purpose of exploring the usefulness of the dietary assessment tool in the context of a specific envisaged epidemiological research. In other words, the evaluation of the 2-day FR presented in this paper is the formal expression of the methodological framework in which this tool can and will be used in all future work based on this particular study.
On the whole, it can be concluded that the 2-day FR can be used for estimating mean iron, calcium and vitamin C intake and for ranking individuals according to their intakes for these nutrients. The tool should, however, not be used in any context of research that is relying on precise methods to estimate absolute nutrient intakes on individual level.
